Abstract: Since the value of money changes with time, it is necessary to take account of the influence of time factor in making the replenishment policy. In this study, to investigate the influence of the time value of money to the inventory strategy, an inventory system for deteriorating items with stock-dependent demand is investigated under two levels of trade credit. The method to efficiently determine the optimal cycle time is presented. Numerical examples are provided to demonstrate the model and the method.
INTRODUCTION
In real market to stimulate retailer's ordering qualities the supplier allows a certain fixed permissible delay in payment, which is trade credit, to settle the amount. Similarly, a retailer may offer his/her customs a permissible delay period to settle the outstanding balance when they received a trade credit by the supplier, which is a two-level trade credit. Goyal (1985) developed an EOQ model for permissible delays in payment. Huang (2003) extended Goyal' model (Goyal, 1985) to an inventory model with two levels of trade credit. Chang et al. (2010a) discussed an optimal manufacturer's replenishment policies for deteriorating items. Min et al. (2010) established an EOQ model for deterioration items with a current-stock-dependent demand. Kreng and Tan (2010) proposed to determine the optimal replenishment decisions if the purchasers order quantity is greater than or equal to a predetermined quantity.
In the above inventory models did not consider the effects of the time value of money. All cashes have different values at different points of time. Therefore, it is necessary to take the effect of the time value of money on the inventory policy into consideration. Chang et al. (2010b) investigated the DCF approach to establish an inventory model for deteriorating items with trade credit based on the order quantity. Chung and Lin (2011) used the DCF approach for the analysis of the inventory model for trade credit in economic ordering policies of deteriorating items. Liao (2006, 2009) adopted the DCF approach to discuss the effect of trade credit depending on the ordering quantity. Liao and Huang (2010) extended the inventory model to consider the factors of two levels of trade credit, deterioration and time discounting.
In this study, we develop an inventory system for deteriorating items and stock-dependent demand is investigated under two-level trade credit and time value of money. The theorem is developed to efficiently determine the optimal cycle time and the present value of total cost for the retailer. Finally, numerical examples and sensitive analysis of major parameters are given to illustrate the theoretical result obtain some managerial insight.
NOTATIONS AND ASSUMPTIONS

Notations:
The following notations are used throughout this study.
A
= The ordering cost one order c = Unit purchasing cost per item p = Unit selling price per item p>c h = Holding cost per unit time excluding interest charges r = The continuous rate of discount I(t) = The inventory level at the time of t T = The cycle time Q = The retailer' order quantity per cycle
Assumptions:
The assumptions in this study are as follows:
• Time horizon is infinite and the lead time is negligible 
MATHEMATICAL MODEL
Based on above assumptions, depletion due to demand and deterioration will occur simultaneously. The inventory level of the system can be described by the following differential equation:
The solution to above equation is:
So the retailer's order size per cycle is:
The present value of all future cash-flow cost PV ∞ (T) consists of the following elements:
• The present value of order cost: Vo = A/(1-e -rT ) • The present value of holding cost excluding interest charges: 
• The present value of purchasing cost:
Additionally, the present values of interest charged and earned are addressed as follows:
There is no interest charged, that is V IPI = 0. In this case, the present value of interest earned is: This case is similar case 1, there is no interest charged, that is V IP2 = 0 and the present value of interest earned is: 
In this case, the present value of interest charged is given by: 
The present value of interest earned is: 
From the above arguments, PV ∞ (T) can be expressed as: 
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Since PV 1 (N) = PV 2 (N) and PV 2 (M) = PV 3 (M) , PV ∞ (T) is continuous and well-defined.
THEORETICAL RESULTS
The objective in this study is to find the replenishment time T * to minimize the present value of all future cash-flow cost of the retailer.
Case 1: 0<T≤N.
Taking derivative of PV 1 (T) with respect to T, we obtain:
where, 
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where, Taking derivative of PV 3 (T) with respect to T, we obtain:
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From (10) we know that:
where, From lemmas 1-3, we have the following result.
Theorem 1: The optimal cycle time T * and the present value of all future cash-flow cost PV ∞ (T * ) will be determined by the following: In Table 1 , we study the effects of change of parameters M and N on T * and PV ∞ (T * ). The following inferences can be made based on Table 1: • For fixed other parameters, the larger the value of M, the smaller the value of PV ∞ (T * ) and larger the value of T * . . when the parameter of the discount rate r is changed from (0, 1].
The following inferences can be made based on Fig. 1 to 3: • For fixed other parameters, the larger the value of r, the smaller the values of T* and PV ∞ (T * ).
• For fixed other parameters, the larger the value of r, the smaller the relative ratios K 1 and K 2 .
CONCLUSION
In this study, an inventory model for deteriorating items with two-level trade credit is established by DCF approach. We assumed that the demand is stockdependent and the retailer pays for the purchasing cost to the supplier until the end of the trade credit period. By analyzing the present value of all future cash-flow cost, we developed theoretical results to obtain optimal solutions. Finally, we provided numerical examples to illustrate the proposed model and conducted a sensitive analysis of key parameters.
In regards to future research, one could consider incorporating more realistic assumptions into the model, such as the demand dependents the selling price, trade credit links to order quantity, etc.
